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Priority Claim 

[1] This application claims priority from French patent application No. 02/13611, filed 
October 30, 2002, which is incorporated herein by reference. 

5 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[2] The present invention relates to the field of mode-switching transformers which are 
used to convert a voltage from a common mode to a differential mode and conversely. 
Discussion of the Related Art 

[3] Fig. 1 is a schematical block diagram of a transformer of the type to which the present 
invention applies. 

1 0 [4] It is a structure for converting a common mode voltage Vc referenced to earth M or to 
ground into a differential voltage Vd provided between two output terminals 2, 3. A 
common mode input-output terminal 4 is, for example, floating (in an application to 
radiofrequency signal reception). 

[5] The present invention more specifically relates to such so-called distributed or BALUN 
15 (balanced-unbalanced) converters formed from coupled conductive tracks. Such 
converters are of so-called Marchand type and they are known to be wide-band 
converters. 

[6] Fig. 2 shows the electric diagram of a Marchand-type mode-switching converter to 
which the present invention applies. On the common mode side (inputs 4 and earth M), a 

20 first winding formed of two sections 5 and 6 of conductive spirals is coupled with a second 
winding also formed of two sections 7 and 8 on the differential mode side. Sections 7 and 
8 are electrically in series between terminals 2 and 3 and exhibit a junction point 9 forming 
the ground of the differential mode (possibly isolated from the common mode earth). The 
lengths of the different windings are all identical, which characterizes a Marchand-type 

25 converter. These lengths are all equal to A74, where X corresponds to the wavelength of 
the central frequency of the passband of the considered converter. 



The relation linking wavelength X to frequency is: 
k = c/fVs , 

where c represents the velocity of light in vacuum, where s represents the substrate 
permittivity and where f represents the frequency (here, the central frequency of the 
5 desired passband). 

[7] In a converter of the type in Fig. 2, this central frequency is defined as being the 
median frequency of the passband corresponding to ±3dB with respect to the minimum 
attenuation of the transformer. 

[8] An example of a Marchand-type mode-switching transformer to which the present 
1 0 invention applies is described, for example, in article "A Silicon Monolithic Transmission 
Balun with Symmetrical Design" by Yeong J. and Yichenglu, published in IEEE Electron 
Devices Letters, volume 20, N°4, in April 1999. 

[9] A disadvantage of mode-switching transformers formed of conductive tracks on 
different metallization levels in integrated structures is linked to the size taken up by these 
1 5 transformers. For example, for frequencies on the order of one gigahertz, it is frequent to 
have to size the lines with lengths of several centimeters, which is far from being negligible 
in the bulk of an integrated or printed circuit. 

[10] Another difficulty is the fact that the longer the sections, the higher the insertion 
losses. Now, in integrated applications (for example, mobile telephony), the received 
20 signals are often of small intensity and insertion losses thus must be minimized. 
Summary of the invention 

[11] The present invention aims at providing a novel mode-switching transformer 
structure, of lesser bulk than conventional structures for a same central frequency. 
[12] The present invention also aims at providing such a transformer that can be formed 
by applying technologies of the type used in integrated circuit manufacturing. 
25 [13] The present invention also aims at providing a solution that decreases insertion 
losses. 

[14] To achieve these and other objects, the present invention provides a mode- 
switching transformer comprising a first line in common mode and a second line in 
differential mode, each line comprising two sections in series respectively coupled with 



one of the two sections of the other line and all sections having the same lengths, the 
common mode line being connected in series with a capacitor, to lower the central 
frequency of the transformer passband, the A/4 lengths of the sections being chosen to 
correspond to a central frequency greater than the central frequency desired for the 
5 transformer. 

[15] According to an embodiment of the present invention, the value of capacitor C 
respects the following relation: 

c- ! 
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where f 0 designates the central frequency of the desired passband, where L designates 
10 the length of the two sections in series calculated as A/2 based on said central frequency 
greater than the desired central frequency, where Zc designates the characteristic line 
impedance, and where p designates the phase constant. 

[16] According to an embodiment of the present invention, each section is a plane spiral, 
two first section being formed in a first conductive layer of a multilayer circuit and being 
1 5 laterally spaced from each other, the two other sections being also formed in said first 
conductive level and being respectively interlaced with the first sections, a least one 
armature of the capacitor being formed in said first conductive layer and connections 
being formed in a second conductive layer. 

[17] According to an embodiment of the present invention, the capacitor is located in the 
20 center of one of said spirals. 

[18] According to an embodiment of the present invention, the transformer is formed in 
two conductive levels separated by a dielectric, two sections and one armature of the 
capacitor being patterned in each metallization level. 

[19] According to an embodiment of the present invention, the transformer is applied to 
2 5 frequencies on the order of one gigahertz. 

[20] The foregoing objects, features, and advantages of the present invention will be 
discussed in detail in the following non-limiting description of specific embodiments in 
connection with the accompanying drawings. 



Brief Description of the Drawings 

[21] Fig. 1, previously described, shows the block diagram of a mode-switching 
transformer of the type to which the present invention applies; 

[22] Fig. 2 shows the equivalent electric diagram of a conventional mode-switching 
transformer, 

5 [23] Fig. 3 shows the equivalent electric diagram of a mode-switching transformer 
according to the present invention; and 

[24] Fig. 4 shows different response curves of a mode-switching transformer according to 
the present invention. 
Detailed Description 

[25] Same elements have been referred to with same reference numerals in the different 
1 0 drawings. For clarity, only those elements that are necessary to the understanding of the 
present invention have been shown in the drawings and will be described hereafter. In 
particular, the origin and destination of the signals converted by the mode-switching 
transformer have not been detailed and are no object of the present invention. The 
present invention applies whatever the type of signals to be processed. Further, the 
15 practical forming of the conductive tracks has not been detailed, the present invention 
being implementable by applying current technologies. 

[26] A feature of the present invention is to insert, between one end of the common 
mode winding and the earth, a capacitor. This capacitor enables reducing the central 
frequency of the passband of the formed transformer, even though its windings are sized 

20 for higher operating frequencies, and thus with a smaller length. 

[27] Fig. 3 shows the equivalent diagram of a mode-switching transformer according to 
the present invention. As previously, such a converter 10 comprises a common mode 
input of application of a voltage Vc referenced to a earth M on a first terminal 4, and a 
differential mode output between two terminals 2 and 3 providing a voltage Vd. 

25 [28] In the diagram, the second differential mode winding, formed of conductive sections 
T and 8' between which is junction point 9 of the differential mode, is not modified with 
respect to a conventional transformer, apart from the lengths of sections T and 8' for a 
given central passband frequency. 



[29] On the common mode side, the present invention provides a capacitor C in series 
with the two sections 5' and 6' of the first winding. 

[30] A feature of the present invention is to size the conductive sections in 7J4, as a 
function of central wavelength X of the transformer passband, based on a frequency 
5 substantially greater than that for which this transformer is intended. Then, by introduction 
of capacitor C, the operating frequency of the transformer is lowered to the desired 
frequency band. 

[31] An advantage of such a structure is that by sizing the transformer for higher 
frequencies, the respective lengths of the conductive tracks are smaller. 
1 0 [32] Another advantage is that by decreasing the lengths of the conductive tracks, a 
decrease in the insertion losses of the transformer thus formed is induced. 
[33] The price to pay for the implementation of the present invention is a slight 
degradation of the transformer passband (that is, of the bandwidth of the formed 
transformer). 

1 5 [34] Fig. 4 illustrates the implementation of the present invention by showing several 
frequency responses of mode-switching transformers. Fig. 4 shows the frequency 
response of three mode-switching transformers having conductive sections of identical 
lengths and sized with respect to a 3.5-GHz central frequency (curve 20), respectively 
assigned with a 1 -picofarad capacitor (curve 21 ) and of a 2-picofarad capacitor (curve 22). 

20 [35] As appears from Fig. 4, with a 1 -picofarad capacitor, the central frequency of the 
transformer is brought down to approximately 1 .5 GHz while, with a 2-picofarad capacitor, 
this central frequency is further lowered down to 0.9 GHz. 

[36] Although this is not shown in the drawing, the present inventors have noted that the 
respective insertion losses of the three transformers illustrated by respective curves 20, 

25 21, and 22 are of -0.6 dB, -0.7 dB, and -0.9 dB. Insertion losses thus slightly increase 
with the introduction of capacitor C. However, and as illustrated by the curve in dotted 
lines 30 in Fig. 4, to form a transformer with a 1.5-GHz central frequency with no 
capacitor, insertion losses would be much higher (-1.1 dB). Accordingly, the addition of a 
capacitor with respect to a transformer sized for a higher frequency effectively results in a 

30 decrease in insertion losses with respect to a conventional transformer. 



[37] In the example of Fig. 4, the transformer has been formed on a glass substrate with 
two spirals in copper metallization levels, insulated from each other by a dielectric. In such 
a forming, a transformer sized to operate at 1 .5 GHz (curve 30, Fig. 4) would take up a 
surface area of 3.2 x 1 .6 mm 2 . A transformer sized to operate at a 3.5 GHz frequency 
5 takes up a surface area of 2 x 1 .1 mm 2 . Further, the capacitor forming is particularly easy 
and requires no additional level. Indeed, it is possible to use the dielectric and the two 
metallization levels for its armatures. 

[38] For example, each section is a plane spiral made in a conductive layer of a 
multilayer circuit. The two sections of a first line (preferably 5' and 6') are located side by 
1 0 side and connected in the same layer. The two sections T and 8' of the other line are 
respectively interlaced with one of the section of the first line. Their respective central 
ends are electrically connected to the outside of the structure with bridges made in a 
second conductive layer connected to the first one by vias, which also realize the ground 
connection 9. 

1 5 [39] According to a first embodiment, the capacitor C is made external from the spirals, 
one of its armatures being made in each conductive layer, and a bridge connecting the 
end of section 6' which is on the center of one spiral. 

[40] According to a second embodiment, the capacitor C is located in the center of the 
spirals forming sections 5' and 6'. So, the connection of its armature to section 6' does 
20 not require a bridge. Another advantage is that it minimized the global size of the 
transformer. 

[41] Alternatively, a third conductive level is provided for one of the armatures of the 
capacitor, whenever it is located in the center or outside of the spirals. 
[42] Another advantage of the present invention which appears from Fig. 4 is that with a 
25 same transformer sized for a relatively high frequency, the central frequency of the trans- 
former can be modified simply by changing the value of capacitor C. This results in a 
possibility of creating identical integrated circuit models for different applications. 
[43] To implement the present invention, the following relation may be applied to size the 
respective transformer components: 



30 27if 0 Z c tg(PL) f 



where f 0 designates the central frequency of the desired passband, where L designates 
the length of each conductive track (cumulated length of sections 5\ 6' and 7\ 8') 
calculated as XJ2 (2*A/4) based on a higher frequency than the desired central frequency 
f 0 , where Zc designates the characteristic line impedance (assumed to be identical for 
5 each winding), and where p designates the phase constant. 

[44] The application of this relation to size a transformer specific to the present invention 
is within the abilities of those skilled in the art based on the functional indications given 
hereabove and according to its application. For example, the techniques described in the 
above-mentioned article may be used. 

1 0 [45] Of course, the present invention is likely to have various alterations, modifications, 
and improvements which will readily occur to those skilled in the art. In particular, the 
dimensions to be given to the windings of a mode-switching transformer according to the 
present invention, according to the desired operating frequency and to the capacitor 
introduced in series with the common mode, is within the abilities of those skilled in the art 

1 5 according to the application and to the functional indications given hereabove. Further, it 
should be noted that, in practice, several mode-switching transformers may be associated 
in series to increase the passband. 

[46] Such alterations, modifications, and improvements are intended to be part of this 
disclosure, and are intended to be within the spirit and the scope of the present invention. 
20 Accordingly, the foregoing description is by way of example only and is not intended to be 
limiting. The present invention is limited only as defined in the following claims and the 
equivalents thereto. 



